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(54) Protection system for voltage transformers

(57)  The subject of the invention is a protection sys-
tem for voltage transformers, finding application in the
attenuation of ferroresonant states occurring in voltage
transformers in high and medium voltage grids. The sys-
tem according to the invention contains a ferroresonance
detection circuit (3), connected to the terminals of the

secondary winding of the voltage transformer (2) and in
parallel with a damping circuit (4), containing a switching
means (6) connected in series with a damping burden
(7). The system according to the invention contains a
control block (5) connected to the switching means (6),
characterised by that the control block (5) contains a
PWM (Pulse Width Modulation) generator.
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Description

[0001] The subject of the invention is a protection sys-
tem for voltage transformers, finding application in the
attenuation of ferroresonant states occurring in voltage
transformers in high and medium voltage grids.

[0002] A controlled anti-ferroresonance circuit for a ca-
pacitive voltage transformer is known from the British pat-
ent specification No. 1 150 865. The system contains a
damping burden, a gate-controlled semiconductor switch
and a triggering means. The semiconductor switch en-
sures the connection of the damping burden to the inter-
mediate voltage transformer. The triggering means en-
sures rendering the switch conductive during the pres-
ence of unwanted oscillations.

[0003] Similarly, from the German patent application
DE 2704112, a protection system is known, protecting
the secondary winding of an intermediate voltage trans-
former. This system contains a damping burden, con-
nected to a PTC resistor, connected to a switch. The
switch is controlled by a time element, switching on the
damping burden for the heating time of the PTC resistor.
[0004] From the American patent specification No.
3401272 a system is known for attenuating ferroresonant
states. This system contains a ferroresonance detection
circuit, connected with the terminals of the secondary
winding of the voltage transformer and with a damping
circuit, which, in turn, contains a control system in the
form of a timing network, a switching means and a damp-
ing load in the form of a resistor. The switching means,
used for connecting and disconnecting a resistance load,
is controlled by a time network, after receiving a respec-
tive signal from the ferroresonance detection system.
The ferroresonance detection system contains a reactor
and resistor, connected in series. If the saturation of the
voltage transformer core occurs, the ferroresonance de-
tection system generates a signal to the timing network
controlling the switching means, which immediately con-
nects the damping burden. The switching system con-
trols the switching means in such a way that the resist-
ance load remains connected to the output terminals of
the voltage transformer for a period of 20-30 cycles, while
the commutation margin of the switching means changes
continuously during this time so that after 20-30 cycles
the damping burden becomes completely disconnected.
In the presented system, the output signal from the fer-
roresonance detection system causes the immediate
connection of a resistance load, irrespective of the oc-
currence of a permanent ferroresonance state or the
short-term core saturation intermediate state of the volt-
age transformer. If the short-term core saturation inter-
mediate state of the voltage transformer occurs, the re-
sistance load is connected by the switching means with-
out distinct purpose.

[0005] The essence of the protection system for volt-
age transformers, containing a ferroresonance detection
circuit, connected to voltage transformer secondary
winding terminals and in parallel with the damping circuit
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containing a control block and a switching means, con-
nected in series to a damping burden, is the fact that the
control block contains a PWM (Pulse Width Modulation)
generator, while its output is connected with the control
input of the switching means, and one of its inputs is
connected to the output or outputs of the ferroresonance
detection circuit.

[0006] Preferably, the control block takes the form of
a microcontroller system with a PWM (Pulse Width Mod-
ulation) generator.

Preferably, the ferroresonance detection system con-
tains a resistor and a reactor with a magnetic core con-
nected in series, while the reactor characteristic is cho-
sen in such a way that in case of transformer core satu-
ration, the core of this reactor is also saturated.
Preferably, the ferroresonance detection system con-
tains a resistor bridge, in which to one of its branches a
reactor with a magnetic core is connected in parallel, and
the resistor resistances and characteristic of this reactor
are chosen in such a way that in normal transformer op-
eration conditions the voltage value on the terminals of
this reactor is below its saturation level, the voltage on
the bridge diagonal is close to zero, while in case of trans-
former core saturation, the core of this reactor is also
saturated and the voltage on the bridge diagonal is dif-
ferent from zero.

[0007] The protection system for voltage transformers
according to the invention is presented schematically in
the drawing, in which fig. 1 presents schematically the
voltage transformer with the connected protection sys-
tem, fig. 2 - schematic diagram of the damping circuit,
fig. 3 - schematic diagram of the resonance detection
system in the first embodiment of the invention, fig. 4 -
schematic diagram of the resonance detection system in
the second embodiment of the invention, fig. 5 - charac-
teristics of voltage on the transformer terminals and cur-
rent in a system where ferroresonance occurs.

[0008] Protection system 1 is connected to the output
terminals of the secondary winding of voltage transformer
2. The system contains ferroresonance detection system
3, the inputs of which are connected to the output termi-
nals of voltage transformer 2. The branch with damping
circuit 4 is connected in parallel to the ferroresonance
detection system. Damping circuit 4 contains control
block 5, the output of which is connected to switching
means 6 connected in series with damping burden 7. The
control circuit contains power supply 8, connected to the
main terminals of damping circuit 4 through bridge recti-
fier 9. The outputs of power supply 8 are connected to
the power inputs of control block 5. The third input of the
control block is connected through conditioning system
10 to the output of ferroresonance detection system 3.
Power supply 8 is connected in parallel with the branch
formed by: switching means 6 and damping burden 7
connected in series.

Control block 5 contains a PWM generator. The control
block preferably takes the form of a microcontroller sys-
tem with a PWM (Pulse Width Modulation) generator.
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The microcontroller system with a PWM generatoris con-
nected to ferroresonance detection system 3 in such a
way that the output signals from this system are the input
signals of the microcontroller system with a PWM gen-
erator, which after counting input signal pulses and rec-
ognising the ferroresonance state in voltage transformer
2 starts the PWM generator, producing a high frequency
signal controlling switching means 6. The parameters of
the output signal from the PWM generator are variable
in time according to a programmed scheme, in order to
obtain gradual connection and disconnection of damping
burden 7.

In the presented embodiment example, power supply 8
as well as the branch containing damping burden 7 and
switching means 6 are connected to the main damping
block terminals through bridge rectifier 9. Other variants
of the invention embodiment are possible, in which the
power supply can be realised through its own supply
source, for example in the form of batteries, this not being
shown in the figure. It is also possible to connect the
branch containing damping burden 7 and switching
means 6 directly to the main terminals of the damping
circuit, with the omission of the bridge rectifier, this not
being shown in the figure. This requires application of
switching means 6 with bidirectional current flow.
[0009] In the first invention embodiment, ferroreso-
nance detection system 3 is formed from resistor 11 and
reactor 12 with a magnetic core, connected in series.

In the second invention embodiment, the ferroresonance
detection system is formed from resistors 11a, 11b, 11c
and 11d connected in a bridge, in which reactor 13 with
a magnetic core is connected in parallel to one of the
branches.

[0010] The operation of the protection system accord-
ing to the invention is as follows. If the saturation state
of the core of transformer 2 occurs, ferroresonance de-
tection system 3 generates control pulses for the micro-
controller system with a PWM generator, starting from
time t4, during which transformer core saturation oc-
curred. The task of the microcontroller system with a
PWM generator is protection of the system from unjusti-
fied connection of a damping burden to transformer 3
terminals, which could result in erroneous operation of
automatic protection systems. This requires the differen-
tiation of a permanent ferroresonance state from a short-
lasting intermediate state of transformer core saturation.
To achieve this, the microcontroller system with a PWM
generator counts control pulses in a determined time in-
terval, starting from time t,. The exceeding of a deter-
mined number of counted pulses in a determined time
interval leads to the detection of a ferroresonance state
by the microcontroller system with a PWM generator. The
detection of a ferroresonance state causes the activation
of the microcontroller system with a PWM generator in
time t,. The microcontroller system with a PWM gener-
ator generates high frequency signals, controlling switch-
ing means 6. Switching means 6 control signals are de-
veloped in the PWM generator according to a pro-
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grammed scheme in such a way, that the damping re-
sistance value of damping burden 7, after filtering off high
frequency components resulting from switching PWM,
has the following time course. Starting from time t, to
time t3, the damping resistance value decreases to min-
imal value. Starting from time t5 to time t4, the damping
resistance value is maintained at a constant level, after
which starting from time t, to time t5, the damping resist-
ance value is increased to a value close to infinity, char-
acterising the sum of resistances of switching means 6
in open state and damping burden resistance 7. Main-
taining a constant damping resistance value in time in-
terval t;-t, is optional. In the described way, a pro-
grammed course of change is obtained of resultant
damping resistance connected to transformer 2 termi-
nals, and thus also of the current flowing in damping bur-
den 7. In this way one avoids the occurrence of over-
shoot, which would take place in the case of the imme-
diate connection of damping burden 7, as well as the
danger of repeated induction of a ferroresonant state,
which would take place during the immediate disconnec-
tion of damping burden 7.

[0011] In the first embodiment of the invention, in fer-
roresonance detection system 3, the characteristic of the
reactor with a magnetic core is chosen so that in case of
the saturation of the core of transformer 2, the core of
reactor 12 is also saturated. The saturation of reactor 12,
occurring in case of the saturation of the core of trans-
former 2, causes increase in the current flowing through
resistor 11. The voltage of the node connecting resistor
11 and reactor 12 becomes the output signal of ferrores-
onance detection system 3.

[0012] In the second embodiment of the invention, in
ferroresonance detection system 3, the resistor resist-
ances and characteristic of reactor 13 are chosenin such
a way that in normal transformer 2 operation conditions
the voltage value on the terminals of reactor 13 is below
saturation level, the voltage on the bridge diagonal is
close to zero, while in case of the saturation of the core
of transformer 2, the core of reactor 13 is also saturated
and the voltage on the bridge diagonal is different from
zero. The voltage on the bridge diagonal is then different
from zero. This voltage becomes the output signal of fer-
roresonance detection system 3.

[0013] The protection system is placed on a printed
circuit board, which is preferably placed in a casing and
closed init, forming a device protecting the voltage trans-
former. This device is connected to the external terminals
of the voltage transformer or can be built into the trans-
former housing and connected to the internal terminals
of the voltage transformer.

Claims

1. A protection system for voltage transformers, con-
taining a ferroresonance detection circuit (3), con-
nected to voltage transformer secondary winding ter-
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minals (2) and in parallel with a damping circuit (4)
containing a control block (5) and a switching means

(6), connected in series to a damping burden (7),
characterized in that the control block (5) contains

a PWM (Pulse Width Modulation) generator, while 5
its output is connected to the control input of the
switching means (6), and one of its inputs is con-
nected to the output or outputs of the ferroresonance
detection circuit (3).

10
The system according to claim 1, characterized in
that the control block (5) takes the form of a micro-
controller witha PWM (Pulse Width Modulation) gen-
erator.

15

The system according to claim 1, characterized in
that the ferroresonance detection system (3) con-
tains a resistor (10) and a reactor (11) with a mag-
netic core connected in series, whilst the character-

istic of the reactor (11) is chosen in such a way that 20
in case of transformer (2) core saturation, the core

of the reactor (11) is also saturated.

The system according to claim 1, characterized in
that the ferroresonance detection system contains 25
a resistor (11a, 11b, 11c, 11d) bridge, in which to

one of its branches a reactor (12) with a magnetic
core is connected in parallel, and the resistor resist-
ances and characteristic of the reactor (12) are cho-

sen in such a way that in normal transformer (2) op- 30
eration conditions the voltage value on the terminals

of the reactor (12) is below its saturation level, the
voltage on the bridge diagonal is close to zero, while

in case of transformer (2) core saturation, the core

of the reactor (12) is also saturated and the voltage 35
on the bridge diagonal is different from zero.
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